Cardillo et al recently reported that systemic but not local hyperinsulinemia causes nitric oxide (NO)-dependent vasodilatation. 1 They suggest that mechanisms stimulated only by systemic but not local hyperinsulinemia contribute to insulinmediated vasodilatation. We believe that this conclusion is mistaken.
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To the Editor:
Cardillo et al recently reported that systemic but not local hyperinsulinemia causes nitric oxide (NO)-dependent vasodilatation. 1 They suggest that mechanisms stimulated only by systemic but not local hyperinsulinemia contribute to insulinmediated vasodilatation. We believe that this conclusion is mistaken.
The changes in forearm blood flow during systemic and local hyperinsulinemia in their study were not directly comparable. Thus, although similar concentrations of insulin were achieved in both protocols, there was an artificial dissociation of insulin and glucose levels in the experiment with local hyperinsulinemia: in other words, no glucose supplement was administered in the local experiment, whereas euglycemia was maintained in the systemic study (using the clamp technique). It is likely, therefore, that glucose levels fell in the infused arm in the local experiment and that a discrepancy in forearm glucose uptake between the two conditions may have accounted for the different vasodilator responses to insulin observed.
In support of this alternative explanation, we have consistently shown that intra-arterial infusion of insulin at 5 mU/min (resulting in insulin concentrations of 100 U/mL in deep venous effluent sampled from the infused forearm), using a strict experimental protocol with a double-blind crossover design and measurement of forearm blood flow ratio (infused: control arm), causes detectable but weak vasodilatation (approximately 20%). In contrast, insulin at the same dose and supplemented by D-glucose at 75 mol/min (maintaining local venous euglycemia) causes early and significant (50% to 60%) vasodilatation in the human forearm. 2 This response is not replicated when the stereoisomer L-glucose (which is not recognized by glucose transporters) is substituted. Our results strongly suggest that insulin causes direct, locally-mediated vasodilatation that is dependent on local glucose uptake. Furthermore, glucosedependent insulin-mediated vasodilatation has been welldocumented in in vitro experiments 3, 4 There have been conflicting reports on the direct vascular actions of insulin. While several investigators have shown insulin-mediated vasodilatation during systemic hyperinsulinemia in euglycemic clamp studies, local administration of insulin has been reported to produce either no change in blood flow or only a small response. Our study clearly suggests that the discrepancy between systemic and local insulin administration may result from artificially low rates of local glucose availability and uptake in the latter. 2 As under physiological circumstances, insulin is secreted by the B-cell in response to elevated glucose concentrations; however, concomitant hyperinsulinemia and hypoglycemia as used in the study by Castillo et al does not occur except when exogenous insulin is infused. We believe, therefore, that the local hyperinsulinemia model without concomitant D-glucose infusion is of questionable relevance in the investigation of the physiology of insulin's vascular effects. 
Response
Ueda et al base their criticism of our study 1 on the assumption that local hyperinsulinemia without glucose supplementation causes hypoglycemia that, in turn, could have prevented us from observing a vasodilator effect of insulin during local infusion of the hormone. However, local infusion of insulin, at the doses used in our study, does not induce systemic hypoglycemia (although not reported in the manuscript, plasma glucose levels in the affluent artery during experiments with local hyperinsulinemia were 4.8Ϯ0.1 mmol/L compared with 5Ϯ0.1 mmol/L at baseline). Therefore, the supply of glucose to the infused forearm was similar during local and systemic administration of insulin. In other words, systemic euglycemia was maintained in both experiments (1) during systemic infusion of insulin by means of concomitant systemic administration of glucose and (2) during local infusion of insulin by the fact that the small doses of insulin did not influence systemic glucose levels. Further, in our studies with local insulin infusion, we observed a 4-fold increase in forearm glucose uptake (from 0.9Ϯ0.2 to 3.7Ϯ0.5 mol/min/ dL). If glucose uptake were a major determinant of the hemodynamic effect of insulin, as suggested by Ueda et al, we should have observed at least some degree of vasodilation in our study. Ueda et al refer to the results of their previous study 2 to support the notion that local availability of glucose (and therefore glucose uptake) is an important determinant of insulin-mediated vasodilation. It must be noted, however, that in their experiments with local infusion of insulin, Ueda et al aimed to achieve euglycemia in the venous effluent by supplementing D-glucose to the infused forearm, which undoubtedly resulted in hyperglycemia in the local arterial vasculature. Thus, from the results of their study, we would conclude that it is the increases in the supply of glucose that induces a vasodilator effect of insulin; this does not necessarily imply a cause-effect relationship between glucose uptake and vasodilation. Finally, the impact of glucose uptake on the vasoactive effects of insulin was studied previously by Vollenweider et al, 3 who performed experiments with systemic administration of insulin/glucose, glucose alone, or fructose. These authors observed that, for a comparable rise in carbohydrate oxidation (and therefore similar glucose metabolism), hyperinsulinemia evoked a much higher increase in limb blood flow compared with glucose alone (intermediate insulin levels) and fructose (low insulin levels), indicating that insulin per se, rather than insulin-mediated glucose uptake, is the mechanism triggering vasodilation in skeletal muscle. In summary, based on the results of our study, the reasoning summarized above, and the results of previously published investigations (including that by Ueda et al), we still believe that, during concomitant euglycemia, insulin has no or only a negligible direct vasodilator effect. Shinichiro Ueda, John R. Petrie, Stephen J. Cleland, Henry L. Elliott and John M.C. Connell
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